Study Objectives: Periodic leg movements during sleep (PLMS) occur within a subject as a series with a remarkably stable period defined by the intermovement interval (IMI). Sometimes a non-PLMS movement occurs intervening between two PLMS. PLMS scoring rules totally ignore these intervening leg movements (iLM). This implicitly assumes an iLM results from a process sufficiently independent from the periodic process producing PLMS that it does not affect the periodicity of the surrounding PLMS. This study for the first time tests this basic assumption and explores characteristics of iLM as a potentially significant class of leg movements during sleep. Methods: Leg movements were analyzed from two nights of polysomnography recordings from 27 RLS patients and 22 controls using the validated MATPLM1.1 program. All periods (IMI) between PLMS containing an iLM were compared to the local PLMS period defined as the immediately preceding PLMS IMI using pairwise two-sided Wilcoxon sign-rank tests. Similarly, iLM were tested to see if they started a new PLMS series by having the same period as the subsequent PLMS. Results: The periods (IMIs) containing iLM were longer than the previous periods in RLS subjects, but not controls (p < .05). The periods beginning with the iLM were shorter than the subsequent periods in both RLS and controls (p < .05). Conclusions: iLM as a separate type of LM distort PLMS periodicity and do not restart PLMS series. iLM end PLMS series.
INTRODUCTION
What is remarkable about periodic leg movements during sleep (PLMS) is not simply the often large number but the repeated reasonably stable period (intermovement interval or IMI) of these stereotypical physiological dorsiflexions of the foot. 1 There are, of course, other leg movements during sleep that are not part of this periodic process. Thus leg movements in sleep divide into those expressing some periodic process for anterior tibialis dorsiflexion of the foot and those nonperiodic movements related to other, so far little known, phenomena of sleep. The periodic dorsiflexion events in sleep have been identified as having significant clinical associations, for example, restless legs syndrome (RLS), cardiovascular disease, iron status, and transient increases in heart rate and blood pressure. [2] [3] [4] [5] However, despite their clinical importance many of the features defining these periodic motor events have been based on clinical consensus with little supporting objective data. This is particularly true for the rule regarding nonperiodic events interspersed within a run of four or more periodic movements needed to define a PLMS series. An intervening nonperiodic leg movement (iLM) has an IMI less than that accepted for PLM periodicity but occurs in the context of a PLM series. This situation is depicted in the upper panel of Figure 1 where the IMI between two leg movements A and B is within the periodic range, that is, between 5 and 90 seconds, the subsequent leg movement, which we call B′, occurs with an IMI of less than 5 seconds, while the IMI between the previous leg movement (B) and the next one (C) is again within the periodic range. The World Association of Sleep Medicine (WASM) criteria for determining PLMS states, "If the interval between two consecutive candidate leg movement events is less than 5 seconds (the minimum for PLMS), then the latter candidate movement is ignored and the period is calculated from the onset of the earlier movement to the onset of the next candidate movement." 6 This rule implicitly supposes that iLMs do not significantly affect concurrent periodic processes of PLMS. A recent study has called this claim into question, noting that ending a PLMS series when an iLM occurs results in a PLMS index that may better reflect "truly periodic leg movements." 7 However, the study was somewhat tautological because the definition of "true" periodicity was based on the periodicity index (PI), that is, (number of sequences of 3 IMI with duration between 10 and 90 s)/(total number of IMI). 8 Ending PLMS series when an iLM occurs significantly reduces the PLMS index precisely when there is a large number of IMI < 10 seconds, but this also produces a lower PI.
So far, no studies have directly investigated the effect of an iLM on the PLMS sequence. Does this intervening movement represent a partially independent phenomenon that has little effect on the periodic process driving the PLMS and can therefore be ignored or does it interrupt the periodic process disrupting the local periodicity of the PLMS? If it disrupts the PLMS, does it reset the PLMS process providing the starting point for a new series or is this intervening nonperiodic event unrelated to the PLM process?
This study aims to answer these questions by specifically testing two hypotheses: (1) the intervening leg movement (iLM) disrupt the PLMS sequence, significantly altering its current periodicity and (2) the iLM represents not a motor event unrelated to the periodic events but rather a premature start of the next movement that is part of this PLM sequence. In addition this study explores the rate of occurrence of the generally ignored nonperiodic iLMs in relation to subject variables, such as diagnosis, age, gender, RLS severity, and PLMS/h rates.
Statement of Significance
This study shows that iLM distort PLMS series and should not be ignored in the scoring of PLMS. PLMS scoring rules should be updated to end PLMS series when iLM occur. This updated criteria will result in significant decreases in scored PLM for subjects with low periodicity. 
METHODS

Subjects
Data were available from 37 RLS patients and 30 controls participating in an ongoing study that was approved by the Hopkins Institutional Review Board for human studies. RLS subjects were at least 18 years old and did not have secondary causes of RLS that is, renal disease, pregnancy, or iron deficiency. At the time of the sleep study, RLS subjects were at least 14 days off their treatment medications and did not have any Effect sizes are shown with 95% confidence intervals. AB was significantly shorter than BC in RLS but not controls. B′C was significantly shorter than CD in both RLS and controls. LM = leg movement; iLM = intervening leg movement, a nonperiodic movement occurring within PLMS series; PLMS = periodic leg movement during sleep; IMI = inter-movement interval; RLS = restless legs syndrome.
significant mental health or sleep disorders besides RLS. All participants were screened using the PAM-RL activity meter 9 over 5 days prior to starting the study. Only RLS subjects with an average PLMS/h > 15 (when off RLS medications for at least 7-11 days) were accepted into the study. Control subjects were healthy volunteers and required an average PLMS/h < 10 so as to minimize risk of latent RLS. These subjects had two consecutive nights of polysomnography (PSG) recordings and both nights were included in this study. The PSG recordings included electromyography (EMG) anterior tibialis muscle recorded separately from both legs and full physiological sleep recordings following American Academy of Sleep Medicine (AASM) standards, that is, six electroencephalogram channels, nasal and oral air pressure, finger oximetry, chest and abdominal expansion bands, one channel electrocardiogram. 10 The records were scored following the AASM standards. Respiratory measures were included in the first night only, and subjects with ≥15 apnea/hypopnea events per hour were excluded. Recordings from ten RLS and eight control subjects were rejected for failing to have a full night of bilateral anterior tibialis recordings without any significant artifact or resting EMG changes. This left 27 RLS and 22 control subjects included in this study.
Detection of LM and iLM
The validated MATPLM1.1 program 11 was used to automatically detect LMs according to the WASM criteria. 6 The validation of MATPLM1.1 was performed on the sample used in this study. A subroutine was also added to MATPLM1.1 to categorize all sequences of LMs during sleep (LMS) with an IMI ≥ 5 and ≤ 90 seconds. Within these sequences, iLMs were identified as all LMS with IMI < 5 seconds. This process was repeated for a minimum IMI of 10 seconds, which is used to calculate the periodicity index. 8 The upper middle panels of Figures 1 and 2 provide an overview of this selection process.
Hypotheses, Procedures, and Statistical Methods
This study had two primary hypotheses: The first hypothesis tested whether iLMs significantly alter the local PLMS period. This was tested for all sequences ABB′C across all subjects with the first IMI (AB) between 5 and 90 seconds, the IMI of the iLM (BB′) less than 5 seconds, and the IMI containing the iLM (BC) between 5 and 90 seconds. The local period was defined by that of the first IMI interval (AB). Thus AB was compared to the IMI containing the iLM (BC) via a pairwise two sided Wilcoxon sign-rank test with significance level .05.
The second hypothesis explored whether iLMs represented a premature PLM resetting and continuing the PLMS process. This was tested for sequences of the five leg movements, ABB′CD where ABB′C were as above, that is, intervals between A, B, and C met periodicity requirements, and requiring an additional leg movement D which also met periodicity criteria. The IMI from the iLM (B′C) was compared to those occurring after the iLM (CD). B′C was compared to CD via pairwise two-sided Wilcoxon sign-rank tests with significance level .05.
The analyses were made with a minimum IMI of 5 and also 10 seconds. All analyses were undertaken separately for RLS subjects and controls. To account for significant differences in frequency between the two groups, the group-specific differences in IMIs were quantified with a non-parametric effect size. The probability of superiority for dependent samples (PS dep ) quantifies the probability that in a random pair of values, the first value will be greater than the second value. 12 All analyses were undertaken with Matlab ® . For all sequences ABB′CD in both RLS and control subjects, the IMI AB was compared to the IMI after the one including the iLM, that is, CD, via two-sided Wilcoxon sign-rank tests to determine whether there is a stable local period surrounding the event with the iLM. In addition, the median and interquartile range of AB-CD were computed to determine the degree of stability of the local period.
Exploratory evaluations with Spearman rank correlations were made for the between-subject variables age, ferritin, % transferrin saturation, PLMS/h, and both iLM/h in sleep and also number of iLM in sleep as a percentage of number of sequences AB. The PLMS/h and rate of iLM used for these analyses are from each subject's night 2 recording to provide one sample per subject and avoid first night effects. In addition, PLM were detected using minimum IMI of 10 and the additional criteria of ending a sequence when there is an iLM. The change in number and percent change of PLMS were calculated. This was done for both control and RLS subjects in night 2 recordings.
RESULTS
Subjects
Data were analyzed from 27 RLS subjects with a wide range of RLS severity with IRLS 13 mean ± SD of 25.5 ± 6.8 and range 15-39. Data from 22 control subjects were also evaluated separately from the RLS subjects. Demographic data for the subjects are included in Table 1 .
Hypothesis 1
Hypothesis 1 explored whether within a series ABB′C, the local PLMS period (BC) changes significantly in the presence of an iLM (B′) as compared to the previous PLMS period (AB). The number of occurrences of each LM sequence for each sequence condition is shown in Figure 1 (upper middle panels). For the minimum IMI of 5 seconds, from a total 31239 LMS from the RLS patients, 26263 LMS sequences AB with IMI between 5 and 90 seconds (84.07%) were identified. From these sequences, 2113 LM sequences ABB′ (8.04%) were selected and 1894 (89.64%) ABB′C sequences were included in analysis, after excluding BCs that were below 5 seconds (n = 91 In RLS subjects using a minimum IMI of 10 seconds, 2906 (83.43%) ABB′C sequences were included in analysis (see Figure 2, 
Hypothesis 2
Hypothesis 2 investigated whether the iLM could be considered as resetting or starting a new PLMS sequence by comparing B′C to CD in the sequence ABB′CD. For the RLS patients, and a minimum IMI of 5 seconds, 1547 cases (81.68% of ABB′C cases, Figure 2) were included into the analysis that showed that the interval B′C is significantly shorter than the subsequent interval CD (Wilcoxon test, p = 4.69 × 10 
Exploratory Analysis
Exploratory analysis revealed significant differences between controls and RLS in the following: iLMs (IMI < 5 seconds) total number (mean ± SD, Controls: 9.95 ± 10.45, RLS: 45.15 ± 46.34, two-sided t test p = .0006), iLMs as percentage of number of AB sequences (mean ± SD, Controls: 17.83% ± 11.86, RLS: 8.17% ± 5.29, two-sided t test p = .0014), and also number of iLMs/h of sleep (mean ± SD, Controls: 1.47 ± 1.51, RLS: 8.23 ± 10.03, two-sided t test p = .0018). The iLMs/h correlated significantly with PLMS/h for both RLS and controls (r s = 0.59, 0.39, respectively). iLMs as a percentage of AB sequences correlated negatively with transferrin saturation in controls (r s = −0.659), but not in RLS (r s = 0.040). No other variable pairs were significantly correlated (|r s | < 0.32). A summary of these results and results for iLM (IMI < 10) are included in Table 2 .
Adding the additional criteria of ending a PLM sequence when there is an iLM resulted in small but significant percentage decreases in PLMS for RLS with larger percentage decreases for controls. Out of 22 controls. Twenty control subjects had PLMS and the mean ± SD percent decrease was 48.74 ± 36.03 (number decrease: 7.50 ± 7.58). All 27 RLS subjects had changes in PLMS (mean ± SD percent decrease: 16.69 ± 20.83, number decrease: 57.59 ± 75.38).
DISCUSSION
The decision of whether an iLM ends a PLMS series could be made based on whether the periodicity of the series is distorted, that is whether the IMI is altered. Thus, this study directly compared the effects of iLMs in terms of IMI. The results show that for both the standard (5 s) and alternate (10 s) minimum IMI criteria, iLMs significantly lengthened the subsequent IMI in patients with RLS. Thus the movement after an iLM does not reliably reflect the local periodic process and should not be considered a PLM that is part of this periodic process. The iLMs, therefore, end PLMS series for both minimum IMI criteria. In control subjects, iLMs did not have any effect on the local PLMS period, as seen from the sign-rank tests and the lower effect sizes. This may be due to controls having longer IMI than RLS. However, the lack of iLM effect in controls could also be due to the less stable PLMS period, as seen from the larger interquartile range of AB-CD. This may also be due to an inadequate sample size to test for significance. Finally, an alternate explanation is that the genuine periodic process is absent in these control subjects and thus there are unstable IMI intervals not disrupted by the iLMs. In addition, the B′C and CD intervals differed significantly, indicating that the iLM does not reset the PLMS series and is not itself a movement event that is part of the periodic process. Our results therefore indicate that iLM are separate types of movements not an expression of the periodic process but rather have the effect of disrupting that process. Thus iLMs should, therefore, be considered as ending a PLMS series as previously suggested. 7 Applying this criteria to all PLM series results in a larger percent change of PLMS in controls and a lesser percent change in RLS subjects which is consistent with a lesser degree of periodicity in controls.
Exploratory analysis results indicated that iLMs were proportionally much more common for controls than RLS patients. 
